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fL,?^ ' 5 " ned by placi "9 tnerein a "ning 
mater al (2) composed of fibres impregnated with a 
curable liquid resin, inflating the lining material (2) 
and moving from one end to the other of the lining 
material (2), a nozzle (9) which emits pressurized 



toward ^ he inside of *• ,inin 9 materiai 

(3), thereby curing the curable liquid resin 

steam "Th ^ be preneati "9 by low pressure 
steam, and a condensate removal unit may precede 
the nozzle along the pipeline. 
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The present invention relates to a method for 
lining a pipeline such as underground sewage 
pipes for reinforcement or repair. 

There is a known method for lining a pipeline 
wh.chcons.sts of inserting into the pipeline a tubu- 
lar - lining material composed of fibres impregnated 
with a curable liquid resin, inflating the lining ma- 
tenal by means of a pressure fluid until it comes 
into close contact with the inner surface of the 
pipeline, and switching from the pressure fluid to a 
heating fluid such as pressurized steam, thereby 
heating the lining material, curing the curable liquid 
resin, and forming a rigid pipe in the pipeline 

The lining material for sewage pipelines is usu- 
ally based on a sheet moulding compound (SMC) 
in a tubular form (either a closed tube or one with 
over.app.ng longitudinal edges) which is composed 
of a curable liquid resin (such as unsaturated poly- 
ester res.n) and glass fibres dispersed therein, with 
the liquid resin partly cured. 

One way of lining of a pipeline by the above- 
ment.oned method requires that the lining material 
be heated so as to cure the curable liquid resin 
The curing of the curable liquid resin takes place at 
a speed proportionate to the heating temperature. 
In the case of an unsaturated polyester resin, reac- 
tion proceeds rapidly and curing takes place rap- 

n Ur! ?™* minu,es due t0 ^-heating 
properties, when it is heated to 1 00 • C 

It is only possible to heat a lining material from 

Z^V > S "] Ce the SUpplied neat is transmitted 
from the outs.de of the lining material to a pipeline 
and surrounding soil, it is necessary to supply a 
large amount of heat to the inside of the lining 

in*! ? ,rnp,e$, W3y t0 h9at a linin 9 mat »rial from 
ms.de ,s to introduce a large amount of pressurized 
steam ,nto pipeline inside the lining material, but if 
the l,n.ng material is to be heated sufficiently with 
pressunzed steam, it is necessary for the latter to 
be at quite elevated pressures. If the lining material 

a lOO. C ea ! ed thr ° U9h 10 3 t6mperat - 
than 100 C ,t ,s necessary to use steam which is 

pressurized above 3kg/cm 2 

Unfortunately, the Hume pipe commonly used 
or sewage pipelines has a rather low pressure 
^stance. I, is broken when it experiences an 
.nternal pressure higher than 2kg/cm* Time-worn 

betow 88 br6ak 3t 8 PreSSUre of 1k 9 /cm2 °r 
For this reason, the conventional method does 
not perm.t the introduction of steam at a sufficiently 

takes aToT? There '° re - "* **** ,iquid resi " 
takes a long time to cure. 

of thr e r Pr6Sent inVenti0n was com P'eted in view 
of the foregoing. It is an object of the present 
mvent.on to provide a method for lining a pipeline 
by heat.ng the lining material adequately eo 
above tOO-C. and rapidly curing the curable .iquid 



Z S ln ^T 19 ' 6 the ,ini " 9 ' without exe rting unac- 
ceptably h.gh pressure on the lining material 

.in firS< aSP6Ct ° f the present '"ration re- 
5 Z2, V f ° r ' ining a Pipe,ine com- 

Unmg material composed of fibres impregnated 
w,th a curable ..quid resin, inflating the lining ma- 
teria, by means of a pressure flujd 9 

material comes into close contact with the inner 

I?!!? 1 ^ P ? e,ine ' 3nd m ° vino from one end 
to the other end of the lining materia, a nozzle 
em.tt.ng pressurized steam, thereby heating the 
•n.nj , materia, with the pressurized steam and" cur! 
mg the curable liquid resin. 

" r e ,iIc e SeC ° nd aSP6Cl ° f the P rese "t 'mention 

corSLs th m ?° d ' inin9 3 Pipe,ina "hich 
comprises the steps of placing in a pipeline a 

tubufcr .imng materia, composed of fibres ^mpreg! 

20 maSiaT h * M ^ inf,ati " 9 the 
20 matenal by means of a pressure fluid until the 

•n.ng materia, comes into close contact with 2 

Zd iit c h e e °; the pipe,ine - intr ° ducina a ^ 

mnl' ° ,nm9 material for Preheating, and 
25 IT 9 . °" e ^ t0 thS 0ther end * *e -ning 
steam' therehT \ "** 
pressunzed steam and curing the curable liquid 

According to the third aspect of the Dresent 
*o .nvention. the first and second aspects of the 

rrnovlr t enti0 K n ^ m ° di,ied SUCh that the n °~'e 
k moved together with a drainage removing unit 

as -tS ,oned in ,ront ° f - — ? - 

as Embodiments of the invention will now be de- 

scnbed with reference to the drawings, wherein 

Mna of 1 S 6 . mat,C dia9ram Sh0win 9 how «» 
lining of a p,pel,ne is accomplished by a first 

method of the present invention. 

* Hg. 2 is a longitudinal sectional view showing 

figures a), b) and c) respective drain removing 

Rg. 3 is a diagram showing the temperature 

wh 9 ?,' n ■ 6 ' ining material wnicn ,ak es place 
« when the l.n.ng material is heated when using 
dram removing units; 

Rg. 4 is a diagram showing the temperature 
changing ,n the lining material which takes place 
when the lining material is heated bv a method 
so including preheating; and 

Rg. 5 is a diagram showing the temperature 
change t h e lining materia, which takes place 
when the lining material is heated by the con- 
ventional method. 
55 In Fig. 1, there are shown a pipeline 1 and a 

Jn.ng material 2 inserted into it. The lining materia 3 
1 is closed at its both ends by metal parts 3 and 4 
One metal part 3 is provided with an air pipe 5 and 
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the other metal part 4 is provided with an exhaust 
pipe 6. 

The lining material 2 is inflated under pressure 
against the inner surface of the pipeline 1 by 
introducing compressed air through the air pipe 5. 
It can be discharged through the exhaust pipe 6, 
with the valve 7 properly controlled. The pressure 
fluid to inflate the lining material 2 should have a 
pressure high enough to bring the lining material 
into contact with the inner surface of the pipeline. 
An adequate pressure is 0.2-1 .0 kg/cm 2 . 

There is shown a steam hose 8. It slidably 
penetrates the metal part 3 and has a nozzle 9 at 
its forward end. This nozzle 9 is designed to radi- 
ally spray the pressurized steam delivered through 
the steam hose 8. In addition, the nozzle 9 is 
connected to a rope 10 which slidably penetrates 
the metal part 4, so as to be pulled by the rope. 

In Fig. 1, the nozzle 9 is shown as the centre 
axis of pipeline. This is an idealized illustration, and 
in real life the nozzle 9 will tend to rest on the 
lower part of the lining material due to its weight. 
Such a state is acceptable. 

With the lining material 2 inflated by the pres- 
sure fluid, pressurized steam 11 is supplied 
through the steam hose 8 and emitted from the 
nozzle 9, so that the pressurized steam 11 im- 
pinges upon the inside of the lining material 2. 

The pressurized steam 11 should preferably 
have a pressure higher than 3kg/cm 2 so that the 
steam heats the lining material 2 sufficiently. 

As the pressurized steam 11 blows into the 
lining material 2, the pressure inside the lining 
material 2 tends to increase, but pressure fluid is 
discharged through the exhaust pipe 6, so that the 
pressure in the lining material 2 is kept constant. 

While the pressurized steam 11 is blowing 
from the nozzle 9, a rope 10 is pulled from outside 
the metal part 4, so that the nozzle 9 moves from 
the left end to the right end of the lining material 2 
in Fig. 1. The movement of the nozzle 9 may be 
continuous at a fixed rate, or intermittent. 

As soon as the nozzle 9 has reached the end 
of the lining material 2, the blowing of the pressur- 
ized steam 11 is stopped and the lining material 2 
cools. Thus the curable liquid resin cures and the 
lining material 2 forms a rigid FRP pipe. 

Then, the metal parts 3 and 4 are removed and 
the ends of the lining material which project from 
the pipeline 1 are cut off, and the cut ends of the 
lining material 2 are properly treated. In this way 
the lining of the pipeline 1 is completed. 

According to the second aspect of the present 
invention, the procedure mentioned above is modi- 
fied as follows: after the lining material 2 is inflated 
by introduction of compressed air through the air 
pipe 5 it is preheated by pressurized steam also 
injected through pipe 5. This steam is at a low 



pressure e.g. a pressure approximately equal to 
that of the compressed air. The pressurized steam 
may be replaced by hot air. 

While the pressurized steam at a low pressure 

5 is being supplied, pressurized steam 11 at a high 
pressure is emitted from the nozzle 9 as in the first 
aspect of the present invention, so that the lining 
material 2 is heated. During this procedure, the 
nozzle 9 is moved as above. 

io When the above-mentioned procedure pertain- 
ing to the first and second aspects of the present 
invention is carried out, the pressurized steam con- 
denses in the lining material 2 and the condensate 
(drainage) accumulates in the lining material 2. 

15 Drainage in the vicinity of the nozzle 9 does not 
prevent the lining material 2 from being heated by 
the pressurized steam 11, because it is blown 
away by the pressurized steam 1 1 which blows off 
from the nozzle 9. 

20 If drainage accumulates, the nozzle 9 im- 

merses itself in the drainage, permitting the drain- 
age to be heated by the pressurized steam 11. The 
heated drainage then rapidly heats the lining ma- 
terial 2. That part of the lining material which is 

25 above the drainage is heated by the pressurised 
steam passing through the drainage or, in the case 
of the second aspect of the present invention, by 
the pressurized steam delivered through the air 
pipe 5. 

30 However, there can be so much drainage that it 

prevents the lining material 2 from being heated by 
the pressurized steam 11, and it causes the lower 
part of the lining material to take too long a time 
before being sufficiently heated. 

35 This situation is coped with by the third aspect 

of the present invention, in which the nozzle 9 is 
moved together with a drainage removing unit 
which is positioned in front of the nozzle 9 within 
the lining material 2. 

40 It is not necessary that the drainage removing 

unit removes the drainage completely in the lining 
material. The removing unit will be satisfactory if it 
removes the drainage to such an extent that any 
remaining in the vicinity of the nozzle 9 does not 

45 prevent the lining material 2 from being heated by 
the pressurized steam 11. Alternatively, the drain- 
age removing unit may be one which stirs the 
drainage, permitting it to transmit the heat of the 
pressurized steam 1 1 to the lining material 2. 

50 Fig. 2 shows examples of drainage removing 

unit. In Fig. 2(a), there is shown a suction dis- 
charge pipe 12. To the rear end of a discharge 
pipe 12 is joined a discharge nozzle 14 through a 
bent pipe 1 3. The discharge pipe 12 penetrates the 

55 metal part 4 and is open, or leads to a suction unit 
outside the lining material 2. 

The bent pipe 13 and the nozzle 9 are joined 
to each other by the rope 15, so that as the pipe 
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12 is pulled, the discharge nozzle 14 and the 
nozzle 9 move together in the lining material 2 

F.g. 2(b) shows an embodiment in which the 
drainage removing unit is a mop 17 composed of 
yarn. The mop 17 is connected to the end of the 
pulling rope 10. and the mop 17 and the nozzle 9 
are joined to each other by the rope 15 

As the pulling rope 10 is pulled, the mop 17 
and the nozzle 9 move together in the lining ma- 
tenai 2 and the mop 17 wipes off the drainage 16 
which has accumulated in the lining material 2. Fig 
2(c) shows an example in which the drainage re- 
moving unit is a pig 19 hav ing through-holes 18 
therein to permit the passage of pressure fluid 
including the pressurized steam. The pig 19 is' 
attached to the end of the rope 10 and is also 
connected to the nozzle 9 by a rope 15 

nn,! S o he r ° Pe 10 iS PU,led ' the P'9 19 the 
nozzle 9 move together in the lining material 2 so 
as to discharge (push out) the drainage 16 which 
has accumulated in the lining material 2 

tinn A ° COr ? in . 9 t0 the met "°d of the present inven- 
t/he lining material 2 is heated locally and 
rapidly directly by the pressurized steam 11 W hich 

l-sTr °V r0m the n ° 2Z,e 9 " As *• «««*. the 
curable liquid resin is cured rapidly. 

The nozzle 9 emits pressurized steam 11 
whose temperature depends on pressure. For ex- 
ample, steam under a pressure of Skg/cm* has a 
temperature of about 143- C. This temperature is 
^enough for the strong heating of the iining 

st J^!? ? n0Z2 ' e 9 iS 6mittin 9 the Pressurized 

Tn2 of t'hl r n ° 2Z,e 9 iS m ° Ved ° ver the e "«^ 
length of the lining material 2 so that lining material 

; ,S h 4 f ted over "s entire length. This heating 
fining" ^ ^ reSU ^ in a *2 

The pressurized steam 11 fr0 m the nozzle 9 
does not rapidly increase the pressure within the 
tow, materia, because its amount is small as com! 
pared with the total volume enclosed by the lining 

mS 2 ■ ? re ° Ver * PreSSUre the S5 
mater al 2 , s kept constant by discharging throug? 

the , discharge pipe 6 as much pressure fluid as 
would increase the pressure. 

According to the second aspect of the present 
.nvent-on. heated fluid such as pressurized steat 
under low pressure is introduced within the lining 
material 2 to preheat it. This preheating prevents 

tlv asth 31 2 ^ b6in9 P res --ed exces- 
sively as the pressurized steam is under low pres- 

.mO*? tWS Sl3te maintai "ed. the nozzle 9 which 

-s 11 r ssu : i2ed steam (under hi ° h p™«S 

,S mo * ed throu 9h the lining material 2. The pres- 
surized steam 11 more rapidly heats the lining 
matenal 2 since it has been preheated to a certain 



degree. 

According to the third aspect of the present 
mvention. condensate or drainage 16 which has 

s remoST "" ' in,n9 ™™ 2 is ^ed o 
ZTJ , I meanS ° f thS removin 9 unit - a "d im- 
mediately thereafter, the nozzle 9 moves through 
the lining material 2. emitting the pressurized 
steam ,,. W h ich heats the lining materia, 2 Xout 
interference by the drainage 1 6 

W exJI T e,h ° d ° f the Present inventi °n "eed not 
exert an excessive pressure on the lining material 
Therefore, it can be used to repair a time-wom 
p.pefine 1 without causing any damage 

is of nrll 6 ,mn i materia ' iS P rehea «ed by introduction 
is of Pressurized steam under low pressure prior to 
the blowing of the pressurized steam 11 from the 
nozzle 9. this preheating accelerates the hlTng of 
the lining materia. 2 that takes p.ace as the nozzte 

the no 2 I o I " nm9 material 2 tnat take * P'eoe after 
me nozzle 9 has passed by. 

r»Jl 3 draina98 removina so provided to 

rZlZZ ^ ^ Wh " e PreSSuri2ed 11 
is emitted the possibility is eliminated that the 

heS 6 PreV8ntS ' inin9 ma,eriaI f ™ oe!n 9 

nn^fu 6 ** ° f the present inve "tion are dem- 
onstrated by the experiments which are explained 

30 

Experimental Example 1 



A p |pe „ne 1, 48m long, was constructed of 

35 and LT^ e f Ch meaSUrin9 300mm in dia ™ter 
35 and 2m long. Into the pipeline 1 was inserted a 
l.n.ng material 2. Into the Hning materia. 2 was 
mtroduced compressed air (O.SkgW). so that The 
Im-ng materia, came into Cose contact with the 
inner surface of the pipe.ine 1 . Seven temperature 

rarr 6 " , inSta " ed betWee " the ,inin9 
2 and the pipefine 1 at positions 0m. 2m. 5m. 15m. 

pSneT' ^ ^ ,r ° m °"° e " d « the 
The lining material 2 is an SMC composed of 
« an unsaturated polyester resin and glass fibres 

ter P rS e n therein ' ^ ^ V ' SC0Si * 0f P*£ 
er es,n increased. This SMC is designed such 

■j^-70.C to , tauriOr-1 ". CfBr , 

ed tI h h| Pr8 ? UriSed St6am 11 (3k9/cm2 ) was caus- 
ed to blow from the nozzle 9, and at the same 
t me. the nozzle 9 was moved at a rate of O.Sm/mln 
from one end to the other of the lining material 

55 i^z^t™ measured bv the — 

is rl^T/T R9 - 3 that the linin 9 material 2 

steam i " a 1 h '° Cal,y ha * d by the P ress --ed 
steam 11 as the nozzle 9 moves and the heated 
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lining material 2 remains hot (above 100 -C) for 
about 6 minutes after the passage of the nozzle 9 
Tn.s period is long enough for the SMC to cure 
completely. 

Rg. 3 indicates that the temperature sensors 5 
registered a temperature slightly higher than 100 
This is because the temperature sensors are at- • 

S?nh t0 h . th h e ° utside of ^ lining material 2 
through which heat conducts to the pipeline 1 In 
actual fact, however, the SMC generates heat as M 
cures so that the temperature within the lining 
material 2 reaches approximately 200 • C 

of ^S!r OZZ,e 9 PaSSSS 3nd the curin 9 reac «°" 
of the SMC is completed, the local temperature of 

the lining material decreases because the linino 7S 

materia, has its heat absorbed by the pipeline 1 

lenn^T^- n022 ' e 9 h3S m0ved over the ^tire 
length of the l.n.ng material 2, the SMC everywhere 

m , the lining materia. 2 cures, forming a rigid lining, 
plete Pr0 ° eSS takeS ab0Ut 90 minutes to con > 20 

Experimental Example 2 

A lining material 2 was inserted into a pipeline 25 
with temperature sensors arranged between them 
as m the case of Experimental Example 1. The 
lining material 2 was inflated by introduction of 
compressed air so that it came into close contact 
with the inner surface of the pipeline 1 „ 

intn?K e T n ' 2ed St6am <°- 5k 9 /cm2 > "as introduced 
into the hnmg material 2 through one end thereof 
dumg wh,ch the compressed air in the lining ma- 
terial 2 was d,scharged from the other end of the 
lin-ng material 2, so that the compressed air in the 35 

steam."" 3 ' 6 " 3 ' * Wph08d * the ,0W press "° 
Ten minutes after the start of the introduction 
of the low pressure steam, the nozzle 9 emittino 
pressurized steam 1 1 (3kg/cm*) began to move at «, 
a rate of 2m/min with introducing the low pressure 

wSh th r P Pe 5 - R9 - 4 Sh0ws the t^perature 
2? TL tempera,ure sens ° rs registered after the 

into thl ? ' n,r0duCtion of the '™ Pressure steam 
into the lining material 2. 

t e JV hiS experimental sample, the lining ma- * 
tonal 2 is entirely preheated by the low pressure 
steam introduced from one end thereof. Therefore 
the lining material 2 is rapidly heated by the pres- 
surized steam 1 , which b.ows from the nozzte 9 so 
Moreover, even after the nozzle 9 has passed by 

Z Z?TV team iS b6in9 Supp,ied throu 9" one 
Z-,? " 9 material and hence *e curing 

react on continues without being restrained by heat 
conduction to the pipeline 1. 

This makes it possible to move the nozzle 9 " 

noz r r a 9 P a ?' 'U S n ° ted ,r ° m R9 ' 4 ,hat when *• 
nozzle 9 takes 34 minutes to move from one end to 



the other of the lining material 2. the temperature 
of the umg material is higher than 100-C through 
out , s length. Five minutes later, the SMC com- 
pletely cures to form a rigid lining. 

Comparative Example 

tLT tem 0 erah "e sensors arranged between 
hem as ,n the case of Experiment Example 1 The 
nning materia, was inflated by introduction of com! 
pressed air so that it came into Cose contact wtth 
the inner surface of the pipeline 1 

into ^!T ri2ed St6am <°- 5k 9 /cr " 2 ) "as introduced 
into the hning material 2 through one end thereof 

during which the compressed air was dischanS 
rom tne otner end of the |jnjng mater . a| taQJJ 

2Z7L e T the " nin 9 material 2 was 

replaced by low pressure steam. The pressure in 
the hn.no material 2 was kept at 0.5kg/cm*. Rg 5 

-7rl~ 

2 is ^ed C bvT ratiVe 6XamPle ' the Mnin 9 ma *>" a ' 
2 is heated by low pressure steam introduced from 

one end thereof. Therefore, the temperature rise" 

more rap.dly at the end of the lining material, and 

feed ScT - ^ ab ° Ut 60 minUt6S 10 ex 
th!f d n, h . U9h ° Ut itS ,en 9 th af ter the start of 
the introduction of the low pressure steam 

It follows that the lining materia, takes about 

fates T S , Ln^ 3 ri9id ,ini "9 beca ^e SMC 
takes about 60 minutes to cure completely at 

Claims 

1- A method for lining a pipeline which includes 
Placing , n a pipeline (1) a tubular, lining ma- 
terial (2 composed of fibres impregnated with 

terial'S 6 h Q * reSin> in,latin9 the "™9 ma- 
terial (2) by means of pressure fluid until the 

nnmg material (2) comes into Cose contact 

with the mner surface of the pipeline (1). and 

steam-heating the material (2) to cure it. char- 

inf'nf J" m ° Ving ,r ° m ° ne end t0 the ether 
end of the lining material (2) a nozzle (9) 
emitting pressurized steam (11). 

2. A method according to claim 1 which includes 
preheating the material (2) with a heated fluid. 

3. A method according to claim 2 wherein the 
fluid is steam at a lower pressure than the 
pressurized steam. 



4. A method according to any one of the preced- 
ing claims wherein the pressure of the pressur- 
ized steam is at least about 3kg/cm 2 . but the 
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pressure within the tube formed by the ma- 
terial does not exceed 1 kg/cm 2 . 

A method according to any one of the preced- 
ing claims wherein the nozzle (9) is preceded 
along the pipeline by a drainage removal unit 
(12, 13, 14; 17; 19). 
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